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SUMMARY

An investigation was made in the Lengley stabllity tunnel to deter-
mine the effects on the steady-state yawing derivatives of the vertical
position of the wing for a 60° delta-wing model having ratios of fuselsage
diaemeter to wing span of 0.123, 0.165, and 0.246. The test Mach number

was 0.13 and the Reynolds number was 1.65 X 106. The results of the
investigation indicated that for angles of ettack below the stall the
steady-state dampling in yaw decreased (the values of the yawing-moment
coefficient due to yewing became less negative) when the wing was raised
from a low to a middle or hlgh position on each of the three fuselage
sizes investligated. With the vertical tail on or off, the steady-state
damping in yaw increassed with an increase in fuselage size. The results
of calculations of the oscllletory demping in yaw for the model wilth the
large fuselage lndicated that the effects of ‘wing position would be oppo-
site to those determined under steady-state conditions. For angles of
attack below the stall, ralsing the wing produced & positive increment in
the rolling moment due to yawing, and fuselasge slze had 1little effect on
this parameter.

INTRODUCTION

Preliminary stabllity enalyses of new airplane designs are, in many
cases, made with stabllity derivatlves which have been estimated by vari-
ous means, such as I1n reference 1. As shown in references 2 and 3 the
degree of accuracy of some of these estimated derivatives 1s always a
matter of question; this is especially true in the moderate and high
ranges of angle of attack or when & design departs from a simple body of
revolution (ref. 4). Experience has shown, however, that in order to
obtain more accurate estimastes of the dynamic stability of a glven design,
it is necessary to use stabllity derivatives which are determined
experimentally.
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The present experimental lnvestigatlon was undertaken, as a con-
tinuation of the work of reference 5, to show some effects of eirplane
design variables on the lateral derivatives of airplane models; namely,
the effects on the steady-state yawlng derivatives of changes in verti-
cal position of the wing for a 60° delta-wing model having ratios of
fuselage diemeter to wing span of 0.123, 0.165, and 0.246. The deriv-
atives were obtalned at a Mach number of 0.13 and a Reynolds number

of 1.65 x 10°.
SYMBOLS

The date presented herein are referred to the stability system of
axes shown in figure 1. The center of gravity was located at the pro-
Jectlon of the wing 0.25 mean aerodynamic chord on a plane passing
through the fuselage center line of each model. The coefficlents and
symbols used hereln are defined as follows:

Lift
G 1ift coefficient, 55
Cy side-force coefficient, Side force
adS
c rolling-moment coefficient, LOLLINg moment
Z ’ aSb
Cn yewing-moment coefficient, YaW1ngS$oment
a
b wing span, ft
S wing area, sq ft
c local chord parallel to plane of symmetry, ft
b/2
¢ mean aserodynamic chord, % czdy, £t
0
q dynamic pressure, Egg, lb/sq £t

p mess density of alr, slugs/cu £t
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v alrspeed, ft/sec
2 spanwise distance measured from end perpendicular to plane
of symmetry, £t
o angle of attack of fuselage center line, deg
B angle of sldeslip, radlans
t time, sec
¥ angle of yaw, radisns
T yawing angulsr velocity, d¥/dt, radlans/sec
g% yewing-angular-velocity parameter, radlans
_ 9%
ch YA
2v
c, =%
lr drb
v
o = n
e N
2V
c oc
‘s " 3
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Subscripts:
w messured under osclllatory conditions
v vertical tall

APPARATUS, MODELS, AND TESTS

The tests of the present investigatlon were made in the 6- by 6-foot
curved-flow test sectlon of the Langley stability tunnel, in which the
glrgtream is curved about a strut-supported model in order to similate
en sirplane in curved flight. (See ref. 6.) The strut was rigldly
attached to an electromechanical balance system.

The models used for the present investigstion conslsted of a
3-percent-thick, 60° delte wing mounted in s low, mlddle, or high posi-
tion on each of three fuselages which had ratios of meximum fuselage
diameter to wing span of 0,123, 0.165, and 0.246. The fuselage fineness
ratlios corresponding to the ratios of fuselage diameter to wilng span
were 12, 9, and 6, respectively. The length of each fuselage was
54,00 inches. A single vertical tall was common to sll configurations,
and this was the vertlicel tail designated as V5 1n reference 5. Since

the fuselage dlameter at the base varied when the ratio of fuselage diam-
eter to wing span was changed, the overall span of the vertical tall

also varied. The exposed ares of the tail, however, was approximately
the same for all models. The models did not have a horizontal tail. A
drawing of the models 1s presented as figure 2, and additional date may
be obtained from teble I and from reference 5.

In order to obteln the steady-state yawing derivatives, the models
were tested, tall on and off, through a renge of angle of attack from -4°

to 36° at values of 5% of 0, -0.0316, -0.0670, and -0.088L. The angie of
sideslip was O° for all tests. The Mach number was 0.135, and the Reynoclds
nuber was 1.65 x 106.

CORRECTIONS

The angle of attack was corrected for the effects of the jet bound-
aries by the methods of reference 7. Correctlons were applied to the
derivatives to account for the pressure gradient assoclated with curved
flow. (See ref. 6.) Blockage corrections were considered to be neg-
ligible and hence were not applied. The effects of the support strut on

-
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the derivatives were not determined but, on the basls of past experience,
they were not expected to influence the accuracy of the date presented
herein,

RESULTS AND DISCUSSION

Presentation of Results

The relation between the angle of attack and the 1lift coefficient
is presented in figure 3 for each configuration. The effect of the verti-
cal posltion of the wing on the steady-stete yawing derivatives for the
model with each of the three fuselage sizes 1s shown in figure 4 with
the wvertical tail on and in figure 5 with the vertical tail off. The
effects of the wing position and the fuselage size on the value of Czr

and Cnr at an angle of attack of 0° are summarized in figure 6.

Effect of Wing Position and Fuselage Size on Czr

The effects of wverticel position of the wing on the derivatives
Clr (figs. 4 and 5) and —CzB (ref. 5) are similar in the low and mod-

erate ranges of angle of attack since an upward displacement of the wing
produces & posltive increment in these derivetives. In the low range

of angle of attack, the data of figures 4 and 5 indicate that an increase
in the ratio of fuselage diameter to wilng span increases the magnitude

of the effect on Czr produced by ralsing the wing. However, the data

of figure 6, where the derivatlves Clr and. Cnr axre plotted against

the ratlo of wing height to wing span, indicate that only a small part
of this increase is caused by the increase in fuselage diameter since
the varistion of Czr with ratio of wing height to wing span was about

the same for all fuselage sizes, The major lncrease in Czr was ceused

by the Increassed wing height in terms of wing spen since the ratio of
wing height to fuselage diemeter was 0.333 for all models, The tall
contribution to Czr decreases slightly as the wing is moved from the

low to the middle or high position and is essentially unaffected by
changes in fuselage size (fig. 6). For the range of wing positions and
fuselage sizes Investigeted, the value of Clr near ao = 0° wvaries

linearly with changes in wing position.
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Effect of Wing Position and Fuselage Size on Cnr

With the taill on and for angles of attack below the stall, raising
the wing decremses the value (becomes less negative) of Cnr: and

increasing the fuselage size increases the value of Cp, (fig. 4). With

the tall off, the effects of the wing position are smsller and somewhat
different from the tall-on results In the low range of angle of atteck
inasmuch as the midwing position has the least value of Cny

(figs. 5 and 6) and the high and low positions have values of Cnr which

are nearly equasl for a glven fuselage size. With the tail off (fig. 5),
the effects of fuselage size on Cnr are similsr to those with tall on.

The tall contribution to Cnr decreases as the wing is ralsed and
slightly increases as the fuselage slze is increased (fig. 6).

Comparison of Steady-State and Oscillatory Demping in Yaw

The results of an investlgation of a 45° swept-wing model (ref. 8)
have indicated that ralsing the wing increesed the damping in yaw deter-
mined under oscillatory conditilions Cnr w - Cné o’ whereas in the present

> 2

investlgation the steady-state damping in yaw Cnr: as determlned from
curved-flow tests, decreased when the wing was raised.

In order to indicate whether differences exist in the steady and
oscllletory damping in yaw for the present models, calculations were
made, by using the method of reference 8, and the sidewash data from
reference 5, to determine the effect of wing position on the oscillatory
damping in yaw for the model with the largest fuselage diasmeter. Since
it was shown in reference 8 that almost equel values of the steady-state
and oscllletory damping in yaw were obtained when the tail was removed
(¢ = 0°), it was assumed that a similar clrcumstence occurred for the
present investigation. In effect, therefore, the steady-state value of
Cnr and the value of Cnr determined under pure yawing oscillatory

conditions (no sideslipping) were assumed to be equal. The total oscil-
latory demping in yaw was obtalned by the addition of the steady-state
demping in yaw of the wing-fuselage combination and the tail contribution
to the oscillatory demplng in yaw as expressed by (Cnr » "~ Cné w) .
) EAfAs

The calculated results are shown in figure 6 and indicate that under
oscillatory conditions, where the angle of sideslip is changing as well
as the angle of yew, the B contribution to the damping is quite appre-
ciable, as was noted in reference 8, and the effects of wing position
mey be opposite to those for the steady-state condition. The results
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of additional calculations (not presented) indicate that the effect of
fuselage size on the taill contribution to the oscillatory damping in yaw
was negligibly small for the models of this investigation at an angle of
atbtack of 0°.

CONCLUSIONS

Results of an investigation made in the Langley stabillty tunnel
to determine the effects of wing position and fuselage size on the
steady-state yawing derivetives of a 60° delta-wing model indicated the
following conclusions:

1. For angles of attack below the stall, the steady-state damping
in yaw decreased (the values of the yawing-moment coefficient due to
yawing became less negative) when the wing was raised from a low to a
middle or & high position on fuselages having ratios of the maximum diam-
eter to wing span of 0.123, 0.165, and 0.246., This was the result of
a decrease in the tall contribubion to the steady-state damping in yaw
when the wing was ralsed since the effect of wing position on the damping
in yaw for the wing-fuselage combination was small. With the vertical
tail on or off, the steady-state damping in yew increased with an increase
in fuselage size. :

2. The results of calculations of the oscillatory damping in yaw
for the model with the large fuselage indicated that the effects of wing
position would be opposite to those determined under steady-state
conditions.

3. For angles of attack below the stall, ralsing the wing produced
a posltive increment in the rolling moment due to yawing, and fuselage
size had little effect on this parameter.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Lengley Field, Va., July 25, 1956.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODELS

Fuselage:
Fineness ratio ¢« ¢« ¢ ¢« o « ¢ ¢ s o o o o 12 9
Maximum diameter, in. « « « « o o o o @ k.5 6.0
Ratio of maxirmum diameter to
WINg SPEBN ¢ o o o o o o o s o o o o o 0.123 0.165
Wing:

AspectratiOo e @ o o o o o @
Taper ratio o o « o ¢ ¢ o o« @
Leading-edge sweep angle, deg
Dihedral angle, deg « « o o« &
Twist, deg « o « ¢ o ¢ ¢ o &
Ares, 8¢ In. « ¢« « o ¢ o o &
NACA sirfoll sectlon parallel to plene of symme

® & @ s o »
che o o o o o

ry

Vertical tail:
Aspect ratlo o « ¢ ¢« o 6 4 & o .
Taper ratlo ¢ « o ¢« ¢ o o« o o & .
Leading-edge sweep angle, deg . .
Ares for 12.00-inch span, sq in. .
NACA airfoll section parsllel to root .

Tail length from center of gravity to 0.25 mean serodynamic
chord of tail, in - e Ll L] L ] L] L] L] L] L L]
Ratlo of tall area to wing srea . . . .

Ratio of taill length to wing span .
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Figure ]l.- Stability system of axes. Arrows indicete poeitive angles,
velocities, and coefficients.
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Figure 2.- Details of models. Dimensions are in inches.
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(b) Vertical tail off.

Figure 3.- Concluded.
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Angle of attack, CC, deg

(a) Ratio of fuselage diemeter to wing span of 0.123.

Figure 4.- Varistion of yewing derivatives with angle of attack for the
verious models with a vertical tail on.
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atfack, OC, deg

Angle of
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o of fuselage dismeter to wing span of O
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Figure L.- Continued.
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(c) Ratio of fuselage diameter to wing span of 0.2i6.

Figure 4.- Concluded.
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(a) Ratio of fuselage diameter to wing span of 0.123.

Figure 5.- Variation of yawing derivatives with angle of attack for the
various models without a vertilcal tail.
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4 o 4 8 12 16 20 24 28 32 36 40
Angle of atfack, OC, deg

(b) Ratio of fuselage dismeter to wing span of 0.165.

Figure 5.- Continued.
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-4 (7} 4 8 12 16 20 24 28 32 36 40
Angle of affack, O, deg

(c¢) Ratio of fuselage diameter to wing span of 0.246.

Figure 5.- Concluded.
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Fuselage diameter

Weng span
@] 0.123
0 0.165
0 0.246
Tail on
—— —— Tail off
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Figure 6.- Sumnary of effects of wing position and fuselage size on the
steady-state yawing derivatives of & 60° delta-wing model. o = 0°.
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